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COMPLETE SPECIFICATION 



Mouldable Plastics Compositions based on ethylene copolymer salts 



We, Farbenfabriken Bayer Aktien- 
Gesellschaft, a body corporate organised 
under the laws of Germany, of Leverkusen. 
Germany, do hereby declare the invention. 
5 for which we pray that a patent may be 
granted to us, and the method by which it 
& to be performed, to be particularly de- 
scribed in and by the following statement— 
This invention relates to mouldabfc plas- 
10 tics compositions comprising carboxylic 
acids containing more than 5 carbon atoms 
in admixture with copolymers of ethylene 
and «g&-olefinically unsaturated carboxylic 
acids containing metal ions. 
15 It is known that copolymers or ethylene 
and <g8-olefinically unsaturated carboxylic 
acids can be reacted with water-soluble 
metal compounds. This reaction is accom- 
panied by neutralisation of the carboxyl 
20 groups present in the copolymers. In the 
solid state, plastics compositions of this land 
show the same properties as cross-linked 
polymers although they can be fused, in 
which state they show the properties of un- 
25 crossiinked polymers. Unfortunately, both 
the preparation and the processing of salt- 
like plastics such as these provide consider- 
able difficulties, particularly when high mole- 
cular weight copolymer}} are used as the 
30 starting materials and when compounds of 
polyvalent metals are employed to neutralise 
the carboxyl groups present in the copoly- 
mer. , 
Such polyvalent metals, for example alka- 
35 line earth metals, zmc, aluminium or lead 
tend to oversolidity the copolymer when used 
in appreciable quantities to neutralise the 
carboxyl groups present in it. An excessively 
intensive *salt crosslinking" occurs, so that 
40 the products cannot be processed or can only 
be processed at undesirably high tempera- 
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tures. In some cases, the materials ate Also 
hard and brittle. 

If salts of the alkali metals are used to 
neutralise the carboxyl groups present in 43 
ethylene copolymers, the difficulties involved 
ia processing are not on the same scale, 
although the alkali metal carboxylate groups - 
present in the polymers make them undesrr- 
ably over-sensitive to water. 5U 

It is known from Belgian Patent Specifi- 
cation No. 611.627 that homopolymers and 
copolymers of olefinically unsaturated mono- 
mers can be mixed with 0.05 to 5% by 
weight, based on the total mixture of car- 53 
boxylic acids containing tit least four carbon 
atoms with a view to improving their pro- 
perties, such as their impact strength and 
modulus of elasticity. . ■ . 

It is also known from Belgian Patent 60 
Specification No. 616,888 (hat between 0.1 
and 5%. by weigjit of carboxylic ; acids con- 
taining 6 to 60 carbon atoms can be added to 
homopolymers Of monoolefins, of ethylene in 
particular, with a view to improving their 65 

^apwiese Patent Application No. 16938/ 
1961 (published in Chemisches Zentralblatt, 
1965, Vol. 21. No. 2808) relates to a ^*|f* 
of polyethylene with 0.005 to 5% by weight 70 
of lithium soaps Of fatty acids containing at 
least 6 carbon atomfe, or naphthoic acids. 
This is said to inhibit cr&ck growth when the 
polymer is heated for prolonged periods . 

By contrast, copolymers of ethylene with 75 
^fi-oletinicaHy unsaturated catboxyhc acids 
and optionally other monomers, in which 
the hydrogen atoms of the carboxyl groups 
incorporated are completely or partly »- 
placed by Monovalent or polyvalent metal 80 
ions are used in the process according to 
the present invention. The addition ot car- 
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— its flexible* and eminently pro- 

saturated wrboxyuc ac^ s 



accompanied by httte ^g £ the sa i t _ifc e 
the ultimate tensile «»^ th *L hand their 85 
polymers, whilst. w M ^ 
bretaclonga^n« favou^^ ^ 



^uraied carboxylic ac«s ^^^ups 40 mol % ^Seae: " to 30 mol % 

after ««« , W^JJS e SSSt.««dte «* jFEffito 2 to ST mol % of *° 
with compounds ^P^^S molecular and prof erab^/ «' ^ optjonaUy. 

2S partievter the P"*?*"*™ tag* m me , ns ^ w ^S of X monomers, can 

adds, which bave *e lowest PO» b jyg, to carboxyhc aads ^"g^oa g/10 ^ 

copolymer of ^3^ ^^ S ethylene ^^^fSeT^monomers. 

^° J'- P Ti?n{.atic alcohols containmg 1 to 20 
*^_"&^!dotfi*adc alcohols con- 



the copolymers free * ""^^ corn- 
index of at least OOg/10 mins { 
position contamsfromO.1 ^tc ^ WW 

than 5 carbon atoms. 



add containing mol 6 Jj^r £X„XToSA «• 

50 obtained by combining the J*<£ ei V acids -. methyl. ethyl, t^^oi, cyclohexano . 
*™K?^Zr?c££l<<*°? be- g yl ^». beazy 1 alcohol, phenol. 

» k ^-r n rJoar Pa i is also_sur- "outers ^ ... _ affline 



kind are not ca-pWgJ^Ao sur 
aforementioned ^fi^c.JUxyfic acids 

containmg ^hat* carboxylic acids, con- 
particular al % h ™Vcarbon atoms for ex- 
60 taming more Aan ,10 caroo 

STZol Snprocessibk pdymonc 
^ d J^waS metals (for example the 



^ff^SSIl ^no^lefinicaUy. un- 

Monocsters 01 +h . . coa taining 

3 to 4 carbon atoms who ' " J "JL 4 carbon 
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b) aromatic vinyl and vmyMene com 
pounds, such as styrene, a-methylstyreoe. 
vinyl tolvene. p-chlorostyrene or other 

adSTSififf 2 to 18 carbon atoms or 
wih h^drohaUc acids, vinyl •*« JgjSg 
ketone, such as vinyl cmonde. vmylideae 
chloride, vinyl acetate vinyl PWg; 

,n vinyl steaiate. vinyl ethyl ether vmyl tfo- 
butyl ether, or vinyl amides such as vmyi 
formaldehide and vinyl acetamide. 
d) Conjugated diencs containing 4 to 6 car 
bonatomTsuch as butodiene. aoproao. W- 

15 dimefcyl butadiene and chloroprene; and 
efprojylene. cycloheptatriene or norborna- 

* Acrvlic esters, methacrylic esters and the 
vinyffirs listed are preferably used as the 
20 additional comonomers. „^rnnrat- 
Although ethylene copolymers incorporat 
ingthese Additional monomers may be used. 
Us preferred to use copolymers of egene 
wift «j3-olefinically unsaturated carboxylic 

25 ^ Ataicaiw unsaturated carboxylic 
acS cafbSofporated ta PW 

aSls containing 1 to 8 carbon atoms. K* 

coSpositKctording to ^« xtl 
oolymers of ethylene "L^^^Sent 
oroup has been initr^au^^rWseqiieni 



The carboxyl groups of_the copolymers 

patent Soecification No. 1,011,98* ^Jwn Q ; 
85 rfcKstry and BB^gg 
Rubber Publishing Company. 37th Edition. 

Pa iniS carboxylic acids coatairringJBpre 
than5 cubon atoms for addition to thepoly- 80 
2Sc S bcludTsaturated or unsaturated 
t fSkJSr cwloaliphatic. araliphatic, aro- 
££ a^d SSyclic carboxyUc acids or 
SrbartE acid m&tures of natural or syn- 
^tk Sn vSh molecular weights to excess 85 
5% to example naphthenic acids, syn- 
detic faS Si cottonseed oil acids, tall 
ffiati ^dV abietic acid, resin acids, cm- 

\Zaa calicvclic acid, w-ammocaproic acio, w 
ptoylaSe^N^dohexylammosuccmic 

Sff itTpreferred. however, to use satur- 
Sd or unsaturated aliphatic monocarboxy- 
iwoo^-K^vlir. adds. 



h^rolvsis or saponification, or by the re- 

4S (for example the reaction of an Of-f<*j? 
45 San acid^hydride of a polyvalent car- 

boxvlic acid (to form the half ester.). 
The copolymers of ethylene with ,fi- 

oleftalcaUy unsaturated carboxybc acids and 
<n ontiMallv further comonomers. can be pre- 
50 parSy methods known ;*r ». for example 

60isin7the above-described copolymers of 

60 ethylene and *^fo^™X£tofo- 
boxylic acids and optionally other mono 
55 may be carried out under he condi- 
tions of the P'?<* s * d, f S'fooV 1 B " 

65 Patent Specification No. 1.0U.»»i. 



UC rfu^g y «e «tples of suitable 95 
salted aUphalic fatty acids: capryhc .acid, 
lauric acid, myristic acid, arachic aad. be- 
E add. cerotic acid. pahnKic acid and 

^addWw. oleic acid, decylenic acid, 100 

i^Lft^ic acid dodecylenic acid, lmohc 
£H5& acid. ricSc acid, eleostearic 
S Saric acid, arachidonic ac«d orto- 
McuU and nervonic acid, are examples of 
StaWe maturated aliphatic fatty acids. 105 

Examples of aliphatic polycarboxyhc 
JfifuS, rdimc acidT pimeKc acid, suberic 
Sr Jdecane ^c-xyhc 

higher polycarboxyhc acids obtained by 
nolvmerisaSon or oxidation processes or. for 110 
«aW>lebv the copolyerisation of unsatur- 
m^S^wKc adds with olefins, vinyl or 
KfcS2S& or from petrochemicals 
cfbv the oflgomerisation of »«^« „, 
Sette fatty adds, for example so-called di- 115 

"qKSJhc acids or oolycarboxylic adds 
obSnedty oolyaddition or po ycondensa- 
ri»« . Tre also suitable, for example saturated 

Msator^ted acid polyesters, polyethers. 120 
SySte^t polySxethanes contammg 

^carboxyUc acids containing more 
5 SboTX are added to the salt form 
of the ethylene copolymers in quantities from 125 
01 to 100% by weight, based on polymer 
SJftaKSeJ ions, although ttey are ore- 
ferablv added in quantities from 3 to 51^ 
by weight AUphltic carboxylic acids con- 
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: m carbon atoms are per- 

tamiag more than 10 caroon 

ferably used. effected by oom- 

Incorporauoa maj <J*J£ ^ carWy * 

biniBg 5w P 01 ^" Alston or in the solid 
5 Sta ^™-*?TZ range from 1° 
state at temperatures » directly working 
to 280'C for S^^S ^uUifi^ 
the carboxylic *%?T r s icm or emulsion 
or fused form into a *g^ M $ iefl ed, bow- 
10 of the polymer < jLrtowlfc acid into the 
1 ever, to work ^ afi&W & or m » 
salt-like polymery ""fc^ 50 «C. An 
kneader at te f P^Sorporating the car- 
altemative it during P«- 
15 boxylic ™£^TjFot tie ethylene co- 

in bulk, in solution or in cu ^ 

a h gh resistance to c» roceSS ing pro- 
^pucuTan'be^tchedorspun. 

E «U% -tf ^t 



Uon.which do* .not shpw^ <(> 
^H-index apptfJttJ. "oSTcid fctflf* 
cannot be pW«*?(r this material on a 

above > M ' C E , uiva l.!itoIoleie Wex 

4.0 
5.0 



75 



0.0 
0-16 
0.3 
0.65 
1.00. 



80 



maltial can now be ^ 




rCT^j' page 101 e^ow^ 
Table IV). " VftJ-^aSu-index apparatus 
tendency to flow ^5 lota Uy impossible 
40 The material is d™£ ult injec ti 0 n-mouWin B 
to process id Lf xtroo ffi,°,j, ;« are caused by 
Chines. T^fflSSoithe polymer 
the extremely low melt inu tQ de 

"it » is intended ia the w the mater ^ 
45 monstrate how the meiuno ^ 

is improved by the » a ^ s • p ro - 
mu s eliminatme any^mw ^ 

cessihg- F° r 0118 p ^°£i« into separate 
S in various ^we&t of 

50 portions ^P'^J a Coved roller ; at 
the polymer salt on , a » ™ proc essibility 
and the ^P^ 6 * melt index. 

L followed fc V ^spiren? Wf »X 
In every ^ M £;,fSn be processed into 
55 are obtained which «n P 
section mouldm?S a]en 

steanc acid I^a in m k no flow 
W . ?:? a PP r„». 0 .5 0] 

« 8 - - 65 



0.0 
5.9 
11 

SL> acid is.P^^S^iSrcffolloWed 50 

C Removal of the aceuc a ^nal 
vacuum dryer at 150C^ ^ d ^ 
which cannot be pr°«^ apparatus. 100 
not flow in .the melt ^dex £9^^ ^26 95 
parts by weight togjg^ acid for30 «£■ 

in to ftg* exposition 

factorily jF^JlOmtos. 
with a melt mdex oi » s/ 

Examplf 4: foUo wing types of poly- 

^iSr.* the followmg Ex* 

S?^fea°SSiudexofl20 

g/10 miBS. f ethylene and mcth- 

Tvi*? 2: Copolymer OL J^^ m ethacryuc llv 

acrylic ^acid 10% ■ ^JJ*^ ethylene, with 115 
fmSnKlsVomin, . ■ { 

The 100% ne " t, ? 1, ^ t flow in the melt 
polymers 1 and 2 bf weight/ 

index apparatus ^ter^ d toeader l2 0 

are 9.5 



too 



; 105 



apparatus. «w w » o tta kneader 
ac^bave 

.»0°C. the meh mdiccs c*^^ The 

cessed. . 
Ej tf65% ^tralised ^u^saltof 
poh^er 3 (Example by 
linked, infusibte mass. % 



125 



130 
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in the polymer) have been worked into it, 
the polymer salt loses its crosslinked charac- 
ter, is transparent, satisfactorily processiblc 
and has a melt index of 2.8 g/10 mins. 

5 Example 6: 

The effect of various types of carboxylic 
acids is demonstrated in the following, with 
reference to the 100% neutralised calcium 
salt of polymer 1 ^Example 4). A kneader 

10 was used for working in which was carried 
out at 150°C. in the absence of air: — 

Melt index 

% by weight carboxylic acid g/10 mins. 
0.0 no flow 

15 10 stearic acid 11 
5.0 adipic acid 9 
8.0 azelaic acid 14 
15.0 abietic acid 2.9 
9.0 phenylacetic acid 16 
20 U e-aminocaproic acid 8 
8 copolymer of 37 mol 
% of acrylic acid and 
and 63 mol % of ethy- 
lene 1.2 
25 Example 7: 

A polymer of 90% by weight of ethylene 
and 10% by weight of methacrylic acid. 70% 
of which is in the form of the sodium salt 
and which has a breaking elongation of 
30 490%, is kneaded with stearic acid at 120°C. 
After storage for 5 days, the following break- 
ing elongations are measured. 
% by weight Breaking 
of stearic acid elongation % 

35 — 490 
5 540 
10 551 
The increase in breaking elongation im- 
proves the blowing properties of the material, 
40 and the elastic properties of the films pro- 
duced from it. 
WHAT WE CLAIM IS:— 
1. A mouldable plastics composition com- 



prising a' copolymer of ethylene and an 
olefinically unsaturated carboxylic acid and 45 
optionally other comonomeis, from 10 to 
100% of the hydrogen atoms in the car- 
baxyl groups of the copolymer being re- 
placed by monovalent or polyvalent metal 
ions, whilst the copolymer free of metal ions 50 
has a melt index of at least 0.2 g/10 mins, 
which composition contains from 0.1 to 
100% by weight, based on the copolymer 
containing metal ions, of a carboxylic acid 
containing more than 5 carbon atoms. 55 

2. A mouldable plastics composition as 
claimed in claim 1, which contains from 3 
to 50% by weight, based on the copolymer 
containing metal ions, of a carboxylic acid 
containing more than 5 carbon atoms. 60 

3. A mouldable plastics composition as 
claimed in claim 1 or 2, wherein the car- 
boxylic acid containing more than 5 carbon 
atoms is an aliphatic carboxylic acid con- 
taining more than 10 carbon atoms. 65 

4. A mouldable plastics composition as 
claimed in any of claims 1 to 3 wherein the 
copolymer comprises at least 40 moi % of 
ethylene. 1 to 30 mol % of an «^-olefinically 
unsaturated carboxylic acid and optionally 70 
up to 30 mol % of other comonomers, the 
hydrogen atoms in the carboxyl groups of 
the copolymer being completely or partly re- 
placed by ions of a metal of Grouo L II, HI, 
IV-A or VIII of the Periodic System (as 75 
hereinbefore specified). 

5. A mouldable plastics composition as 
claimed in claim 1 substantially as described 
with reference to any of the Examples. 

ELKINGTON & FIFE, 
Chartered Patent Agents, 

High Holborn House, 

52-54 High Holbom, 
London, W.C.I. 
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